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A decade has elapsed since the announced ob-
servation of crystalline virus-like particles de-
rived from human warts (1). Additional studies
by this same group (2) confirmed the characteris-
tic arrangement of these spherical particles, 52
mu in diameter, in crystalline-like clusters. ,Vhen
not in crystal-like array, they ranged from 56 to
86 mu in diameter. This description of the elec-
tron microscopic appearance of the wart virus
has been generally accepted (3). Our findings, as
described in the present report, have been con-
sistently at variance with these observations.
EXPERIMENTAL METHODs AND REsULTS
The common warts employed in this study were
obtained entirely from students at the University
of California in Berkeley. The warts were removed
under local anesthesia, aseptically by curettage,
and stored in sterile vials at —22° until ready for
use (4).
In preliminary attempts to observe viral par-
ticles extracted from human verrucae, 30 common
warts from a dozen individuals were ground up
with sterile sand in 15 ml of double distilled water.
The suspension was centrifuged at 2000 rpm for
20 minutes and the resulting supernatant further
centrifuged in the cold at 6000 rpm for 1 hour and
15 minutes. Both the 6000 rpm supernatant fluid
and the sediment resuspended in distilled water
were sprayed on collodion-coated screens and
shadow cast with uranium at an angle of 1:3. The
presence of viral or uniform particles such as
described by Strauss et el. (2) was not observed
in any of the more than 100 fields studied.
In an effort to repeat the results of Strauss and
his associates subsequent experiments were car-
ried out in a fashion identical to that described
by them (2). The verrucae employed were eclec-
tically restricted to those both of short duration,
4 months or less, and manifesting characteristic
inclusion bodies with hematoxylin and eosin.
Likewise, following centrifugation at 6000 rpm
for 45 minutes, the supernatant and sediment
resuspended in distilled water were placed as
drops upon the specimen screen and shadow cast
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with uranium. Electron microscopic observations
of 4 such warts were relatively uneventful. Where
particles were seen, they were usually noted as
scattered clumps in close association with tissue
debris.
It was apparent at this point that a more vig-
orous procedure of purification would have to be
pursued if the wart virus was to be isolated. With
this end in view the following procedure was car-
ried out. Seven warts selected for their rich supply
of characteristic intraouclear inclusions, were
ground up by mortar and pestle with sterile sand
and 7 ml of pH 7.4 phosphate buffer. Following
centrifugation at 1500 rpm for 20 minutes, 4 ml
of the supernatant fluid was further centrifuged in
microtip capsules (5) for 3 hours at 25,000 rpm
for 15 minutes. The supernatant was diluted with
polystyrene latex particles, sprayed onto collo-
dion-coated grids, and shadow cast with uranium.
Figure 1 depicts the various size particles ob-
served with the electron microscope. Their di-
ameters range between S and 50 mu. The largest
spherical bodies (a), 50 mu in diameter, are of a
similar order of magnitude to those described by
Strauss et a!. for human skin papillomas and to
the 55 mu virus of Bivins papilloma, described
by Reagan and his co-workers (6). These par-
ticles, as observed in the electron micrograph,
are always associated with aggregates of material.
Particles seen in region b vary in size from S to
20 mu. In the lower third region of the figure can
be noted uniform, spherical particles, 16 mu in
diameter (c). The large, 260 mu in diameter,
white spherical bodies are polystyrene latex par-
ticles used as reference particles in the spray
drops.
DISCUSSION AND COMMENT
The present studies have failed to confirm the
findings of Strauss and his associates. Reagan
and his group (5), working with the virus re-
portedly isolated from human wart material by
Bivins (6) and using the drop technic of specimen
preparation, concluded from their electron
micrographs that this was the same virus morpho-
logically and dimensionally as that described by
Strauss. However, Bivins' virus was later identi-
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FIG. 1. Spectrum of sizes of virus-like particles derived from human warts; specimen sprayed onto
grid and shadow cast with uranium: (a) 50 mM diameter, (b) 8—20 mjt diameter, (c) 16 mM diameter.
Large white spheres are polystyrene latex particles employed as reference staodard for size and shape of
surrounding particles.
fled as a strain variant avian pox virus (8) and as
being loaf-shaped, with dimensions of 270 x
300 mu (9).
It should be mentioned that a specimen pre-
pared in the manner described by Strauss and his
associates could be expected to exhibit a notable
amount of artifact. The drop technic results in
an uneven distribution of the particles; they
usually tend to clump and to become arrayed in
an entirely unknown manner over the opaque
wires of the specimen grid (10). These disad-
vantages for definitive electron microscopy can
be overcome by the spray technic (11) in which
droplets arc sprayed in a volatile suspending
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medium, such as ammonium acetate. The drying
period is greatly shortened, so that there is little
tendency for distortion or for gross aggregation
of the snspended material. As a consequence, the
droplet patterns are reproducibly representative
of the composition of the sprayed material. The
virus-like spherical particles of 16 mu diameter
might not unreasonably be considered to repre-
sent the virus of verruea vulgaris; this because of
their distinctive presence generally in relatively
clean areas, their uniformity of size and shape
and their frequent appearance in the numerous
fields studied. Unequivocal suhstantiation of this
may be achieved by separation of this class of
particles and their subsequent experimental in-
duction of warts in humans.
SUMMARY AND CONCLUSIONs
Electron microscopic observations by other
investigators of crystalline virns-like clusters of
particles derived from human warts have not
been readily reproducible. These observations
may he in part ascribed to the crude extraction
procedure, and to the drop method of specimen
preparation employed which as been established
to produce unpredictable morphologic alteration
and gross aggregation of the suspended material.
By a procedure which provided a more thorough
extraction and concentration of the human wart
material, and a spray technic in which droplets
were sprayed in a volatile suspending medium, a
broad spectrum of sizes was demonstrated for
these virus-like particles. Of these, a spherical
16 mu virus-like particle is suggested as the etio-
logical agent of verruca vulgaris. Substantiation
of this view awaits human inoculation studies
with isolated particles.
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